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Description 



[PULSE WIDTH MODULATOR AND 
LOADING SYSTEM THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92131928, filed November 14, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a pulse width modulator, 
and more particularly to a pulse width modulator having 
an amplitude-adjustable triangle-wave generator for 
modifying the amplitude of the triangle wave, changing 
the width of the controlling signal and enhancing the 
transient response of the loading system. 

[0004] Description of the Related Art 

[0005] p u | se width modulation (PWM) is a traditional method for 
controlling the feedback circuit, such as the boosting cir- 
cuit, the buck circuit, the push-pull circuit, half-bridge 



circuit or full-bridge circuit. In the prior art technology, 
error amplifiers and triangular-wave generators for gen- 
erating fixed-amplitude triangle wave as to generate a 
pulse according to the error variations. 
[0006] FIG. 5 is a block circuit diagram showing a conventional 
pulse width modulator of a loading system. The loading 
system 50 comprises: a pulse width modulator 500, a 
switch 550 and a loading circuit 560. The switch 550 is 
coupled to a power terminal, the pulse width modulator 
500 and a ground terminal. The input terminal 562 of the 
loading circuit 560 is coupled to the power terminal. The 
output terminal 564 of the loading circuit 560 is coupled 
to the ground terminal. The pulse width modulator 500 is 
coupled to the output terminal 564 of the loading circuit 
560. 

[0007] The pulse width modulator 500 comprises: a triangle- 
wave generator 510, an error amplifier 520, a comparator 
530 and a driving circuit 540. A negative terminal of the 
error amplifier 520 is coupled to the output terminal 564 
of the loading circuit 560 for receiving the feedback volt- 
age therefrom. The positive terminal of the error amplifier 
520 is coupled to a source of reference voltage. The posi- 
tive terminal of the comparator 530 is coupled to the er- 



ror amplifier 520, the negative terminal of the comparator 
530 is coupled to the triangle-wave generator 510, and 
the output terminal of the comparator 530 is coupled to 
the driving circuit 540. FIG. 6 is a schematic drawing 
showing a conventional triangle-wave generator out- 
putting the triangle wave, the error signal and the pulse 
controlling signal. The error amplifier 520 performs an 
error operation of the feedback voltage and the reference 
voltage for outputting an error signal 604 to the com- 
parator 530. After the pulse width modulator 500 is 
turned on, the triangle-wave generator 510 outputs a 
fixed-amplitude triangle wave 602 to the comparator 530. 
The comparator 530 compares the error signal 604 and 
the fixed-amplitude triangle wave 602 for outputting the 
driving signal. Finally, the driving circuit 540 outputs a 
pulse controlling signal 606. 
[0008] | n the prior art loading system 50, the switch 550 controls 
the power terminal according to the pulse controlling sig- 
nal from the comparator 530. When the switch 550 is 
turned on, the power is not transmitted to the loading cir- 
cuit 560; if not, the power is transmitted to the loading 
circuit 560. 

[0009] Accordingly, the conventional pulse width modulator have 



the following disadvantages: (1) In the conventional pulse 
width modulator, because the width of the pulse control- 
ling signal is modulated by the error of the feedback volt- 
age and the reference voltage, noises in the feedback 
voltage will interfere the width of the pulse controlling 
signal. (2) The conventional pulse width modulator gener- 
ates a desired transient response for the loading system, 
but degrade the stability thereof. (3) The conventional 
pulse width modulator generates a desired stability of the 
loading system, but degrades the transient response 
thereof. 
Summary of Invention 

[0010] Therefore, an object of the present invention is to provide 
a pulse width modulator and a loading system thereof, 
which are adapted to perform an operation according to 
the reference voltage and the feedback voltage for gener- 
ating an amplitude-adjustable triangle wave according to 
a variation of the feedback voltage. 

[001 1] Another object of the present invention is to provide a 
pulse width modulator and a loading system thereof, 
which are adapted to use the amplitude-adjustable trian- 
gle wave from the pulse width modulator for maintaining 
a desired transient response. 



[0012] The present invention provides a pulse width modulator, 
adapted to receive a feedback voltage and a reference 
voltage. The pulse width modulator comprises a triangle- 
wave generator, an error signal generator, a pulse signal 
generator and a driving circuit. The amplitude-adjustable 
triangle-wave generator is adapted to perform an ampli- 
tude operation according to the reference voltage and the 
feedback voltage for generating an amplitude-adjustable 
triangle wave according to a variation of the feedback 
voltage. The error signal generator is adapted to perform 
an error operation according to the feedback voltage and 
the reference voltage for outputting an error signal. The 
pulse signal generator is coupled to the amplitude-ad- 
justable triangle-wave generator and the error signal gen- 
erator and adapted to receive and compare the error sig- 
nal and the amplitude-adjustable triangle wave for out- 
putting a pulse controlling signal. The driving circuit is 
coupled to the pulse signal generator and adapted to re- 
ceive and transform the pulse generating signal for out- 
putting a driving signal. 

[0013] According to the preferred embodiment of the present in- 
vention, the amplitude-adjustable triangle-wave genera- 
tor determines the amplitude of the triangle wave accord- 



ing to the difference between the feedback voltage and 
the reference voltage. When a difference between the 
feedback voltage and the reference voltage is higher than 
a transient voltage, the amplitude-adjustable triangle- 
wave generator outputs first amplitude of the amplitude- 
adjustable triangle wave. When a difference between the 
feedback voltage and the reference voltage is lower than a 
transient voltage, the amplitude-adjustable triangle-wave 
generator outputs a progressive second amplitude of the 
amplitude-adjustable triangle wave. When the feedback 
voltage is higher than, or equal to, the reference voltage, 
the amplitude-adjustable triangle-wave generator outputs 
a third amplitude of the amplitude-adjustable triangle 
wave. 

[0014] According to the preferred embodiment of the present in- 
vention, the pulse width modulator can be applied to a 
loading system comprising: a front-end circuit, a fly-back 
circuit, a boosting circuit , a buck circuit, a push-pull cir- 
cuit, a half-bridge circuit, or a full-bridge circuit. 

[0015] Because the present invention uses the amplitude-ad- 
justable triangle-wave generator for generating the am- 
plitude-adjustable triangle wave according to the feed- 
back voltage and the reference voltage, the loading sys- 



tern reaches the stable state soon and has high stability. 
[0016] | n order to make the aforementioned and other objects, 
features and advantages of the present invention under- 
standable, preferred embodiments accompanied with fig- 
ures are described in detail below. 
Brief Description of Drawings 

[0017] FIG. 1 is a block circuit diagram showing a pulse width 
modulator according to a preferred embodiment of the 
present invention. 

[0018] FIGS. 2A is schematic drawings showing the discrete am- 
plitude-adjustable triangle wave from the amplitude-ad- 
justable triangle-wave generator according to the first 
embodiment of the present invention. 

[0019] FIGS. 2B is schematic drawings showing the continuous 
amplitude-adjustable triangle wave from the amplitude- 
adjustable triangle-wave generator according to the first 
embodiment of the present invention. 

[0020] FIG. 3 is a circuit diagram showing a amplitude-adjustable 
triangle-wave generator according to a preferred embodi- 
ment of the present invention. 

[0021] FIG. 4A is a circuit diagram showing a boosting circuit ap- 
plying an amplitude-adjustable triangle-wave generator 
according to a preferred embodiment of the present in- 



vention. 

[0022] FIG. 4B is a circuit diagram showing a buck circuit apply- 
ing an amplitude-adjustable triangle-wave generator ac- 
cording to a preferred embodiment of the present inven- 
tion. 

[0023] FIG. 4C is a circuit diagram showing a push-pull circuit 

applying an amplitude-adjustable triangle-wave generator 
accordining to a preferred embodiment of the present in- 
vention. 

[0024] FIG. 4D is a circuit diagram showing a full-bridge circuit 

applying an amplitude-adjustable triangle-wave generator 
according to a preferred embodiment of the present in- 
vention. 

[0025] FIG. 4E is a circuit diagram showing a half-bridge circuit 
applying an amplitude-adjustable triangle-wave generator 
according to a preferred embodiment of the present in- 
vention. 

[0026] FIG. 5 is a block circuit diagram showing a conventional 
pulse width modulator of a loading system. 

[0027] FIG. 6 is a schematic drawing showing a conventional tri- 
angle-wave generator outputting the triangle wave, the 
error signal and the pulse controlling signal. 
Detailed Description 



[0028] FIG. 1 is a block circuit diagram showing a pulse width 
modulator according to preferred embodiment of the 
present invention. Referring to FIG. 1, the pulse width 
modulator 100 is adapted to receive a feedback voltage 
and a reference voltage. The pulse width modulator 100 
comprises: an amplitude-adjustable triangle-wave gener- 
ator 110, an error signal generator 120 and a pulse signal 
generator 130. The amplitude-adjustable triangle-wave 
generator 110 and the error signal generator 120 perform 
operations for the feedback voltage and the reference 
voltage. The pulse signal generator 130 is coupled to the 
amplitude-adjustable triangle-wave generator 110 and 
the error signal generatorl20. 

[0029] | n the embodiment, the amplitude-adjustable triangle- 
wave generator 110 is adapted to perform an amplitude 
operation according to the reference voltage and the 
feedback voltage for generating an amplitude-adjustable 
triangle wave according to a variation of the feedback 
voltage. The error signal generator 120 is adapted to per- 
form an error operation according to the feedback voltage 
and the reference voltage for outputting an error signal. 
The pulse signal generator 130 is adapted to receive and 
compare the error signal and the amplitude-adjustable 



triangle wave for outputting a pulse controlling signal as 
to control the switch of the loading system. 
[0030] FIGS. 2A is schematic drawings showing the discrete am- 
plitude-adjustable triangle wave from the amplitude-ad- 
justable triangle-wave generator of the first embodiment 
of the present invention. FIGS. 2B is schematic drawings 
showing the continuous amplitude-adjustable triangle 
wave from the amplitude-adjustable triangle-wave gener- 
ator according to the first embodiment of the present in- 
vention. 

[0031] | n the embodiment, the pulse width modulator 100 con- 
trols the amplitude-adjustable triangle-wave generator 
110 for generating small amplitude triangle waves 202 or 
204 shown in FIG. 2A when the amplitude-adjustable tri- 
angle-wave generator 110 identifies that the difference 
between the feedback voltage and the reference voltage is 
higher than a transient voltage. 

[0032] | n t he embodiment, when the amplitude-adjustable trian- 
gle-wave generator 110 identifies that the difference be- 
tween the feedback voltage and the reference voltage is 
lower than a transient voltage or is reduced, the ampli- 
tude-adjustable triangle-wave generator 110 outputs 
larger amplitude triangle waves 204 or 206 than the origi- 



nals shown in FIG. 2A. 

[0033] | n the embodiment, when the amplitude-adjustable trian- 
gle-wave generator 110 identifies that the feedback volt- 
age is higher, or equal to, the reference voltage, the am- 
plitude-adjustable triangle-wave generator 110 generates 
large triangle waves 206 or 208 as shown in FIG. 2A. In 
addition, the amplitude-adjustable triangle-wave genera- 
tor 110 can continuously adjust the amplitude of the tri- 
angle waves 210 shown in FIG. 2B. Of course, the present 
invention is not limited thereto. 

[0034] FIG. 3 is a circuit diagram showing a preferred amplitude- 
adjustable triangle-wave generator of the present inven- 
tion. In the embodiment, the amplitude-adjustable trian- 
gle-wave generator 100 is illustrated. The present inven- 
tion, however, is not limited thereto. The amplitude-ad- 
justable triangle-wave generator 110 comprises a first 
comparator 302, a second comparator 304, NAND gates 
306 and 308, a third comparator 310, switches 312 and 
314, a charging current source316, a discharging current 
source 318 and a capacitor 320. 

[0035] | n the embodiment, when it is in a charging status, the 

third comparator 310 turns off the switch 312 for charg- 
ing the capacitor 320 by the charging current source 316 . 



The amplitude of the triangle wave from the amplitude- 
adjustable triangle-wave generator 110 increases. When 
the amplitude of the triangle wave is higher than a first 
comparing voltage VH, the output voltage of the first 
comparator 302 is down to a voltage representing "0" 
state. The output voltage of the NAND gate 306 rises to a 
voltage representing "1" state. Because the amplitude of 
the triangle wave is higher than a second comparing volt- 
age VL during the charging process, the output voltage of 
the second comparator 304 is kept at "1" state. Because 
the two inputs of the NAND gate 308, the output of the 
NAND gate 306 and the output of the second comparator 
304 are all in "1" state, the output of the NAND gate 308 
will be "0" state. Therefore, the positive terminal of the 
third comparator 310 has a higher state than that of the 
negative terminal thereof. The output terminal of the third 
comparator 310 rises to "1" state for turning on the switch 
312 and terminating the charging of the capacitor 320 
from the charging source 316. The charging is complete. 
[0036] | n the embodiment, when it is in a discharging status, the 
third comparator 310 turns off the switch 314 for dis- 
charging the capacitor 320 by the discharging source 318. 
The amplitude of the triangle wave from the amplitude- 



adjustable triangle-wave generator 110 decays. When the 
amplitude of the triangle wave is lower than the second 
comparing voltage VL, the output voltage of the second 
comparator 304 is down to a voltage representing a "0" 
state. The output voltage of the NAND gate 308 rises to a 
voltage representing "1" state. Because the amplitude of 
the triangle wave is higher than the first comparing volt- 
age VH during the discharging process, the output voltage 
of the second comparator 304 is kept at "1" state. Because 
the two inputs of the NAND gate 306, the output of the 
NAND gate 308 and the output of the first comparator 
302 are all in "1" state, the output of the NAND gate 306 
will be "0" state. Therefore, the positive terminal of the 
third comparator 310 has a lower state than that of the 
negative terminal thereof. The output terminal of the third 
comparator 310 is down to "0" state for turning on the 
switch 314 and terminating the charging of the capacitor 
320 from the discharging terminal 318. The discharging is 
complete. 

[0037] | n the embodiment, when the difference between the 
feedback voltage and the reference voltage is large, the 
currents for charging and discharging form the charging 
terminal 316 and the discharging terminal 318 are small. 



If it is a maximum difference, the current is a smallest 
one. The first comparing voltage VH of the first compara- 
tor 302 is a small voltage. The difference voltage between 
the first comparing voltage VH and the second comparing 
voltage VL is small, too. Then, the amplitude-adjustable 
triangle-wave generator 110 generates a small amplitude 
triangle wave. 

[0038] | n the embodiment, when the difference between the 

feedback voltage and the reference voltage is reduced, the 
currents for charging and discharging from the charging 
terminal 316 and the discharging terminal 318 are in- 
creased. The first comparing voltage VH of the first com- 
parator 302 is also enhanced. Then, the amplitude-ad- 
justable triangle-wave generator 110 generates a pro- 
gressive amplitude triangle wave. 

[0039] | n the embodiment, when the feedback voltage is close to 
the reference voltage, the currents for charging and dis- 
charging from the charging terminal 316 and the dis- 
charging terminal 318 reach to the maximum. The first 
comparing voltage VH of the first comparator 302 also 
reaches a maximum. Then, the amplitude-adjustable tri- 
angle-wave generator 110 generates a maximum ampli- 
tude triangle wave. 



[0040] FIG. 4A is a circuit diagram showing a boosting circuit ap- 
plying an amplitude-adjustable triangle-wave generator 
according to a preferred embodiment of the present in- 
vention. In the embodiment, the loading system 40 is 
coupled to a power terminal, comprising a pulse width 
modulator 400, a switch 450 and the boosting circuit460. 

[0041] | n t he embodiment, the boosting circuit 460 has an input 
terminal 462 coupled to the power terminal for selectively 
receiving an operational voltage therefrom, and an output 
terminal 464. The pulse width modulator is coupled to the 
output terminal 464 of the boosting circuit 460, compris- 
ing: an amplitude-adjustable triangle-wave generator 
410, an error signal generator 420, a pulse signal genera- 
tor 430 and a driving circuit 440. The switch 450 has a 
first terminal 452 coupled to the driving circuit 440, a 
second terminal 454 coupled to the power terminal, and a 
third terminal 456 coupled to a ground terminal for con- 
trolling the switch 450 according to the driving signal. 

[0042] The amplitude-adjustable triangle-wave generator 410 is 
adapted to receive a feedback voltage from the boosting 
circuit 460 and to perform an amplitude operation ac- 
cording to a reference voltage and the feedback voltage 
for generating an amplitude-adjustable triangle wave ac- 



cording to a variation of the feedback voltage. The error 
signal generator 420 is adapted to perform an error oper- 
ation according to the feedback voltage and the reference 
voltage for outputting an error signal. The pulse signal 
generator 430 is coupled to the amplitude-adjustable tri- 
angle-wave generator 410 and the error signal generator 
420, and adapted to receive and compare the error signal 
and the amplitude-adjustable triangle wave for outputting 
a pulse controlling signal. The driving circuit 440 is cou- 
pled to the pulse signal generator and adapted to receive 
and transform the pulse generating signal for outputting a 
driving signal to the switch 450. 

[0043] | n the embodiment, when the switch 450 is turned off, the 
power terminal applies the operational voltage to the 
boosting circuit 460; when the switch 450 is turned on, 
the power terminal does not apply the operational voltage 
to the boosting circuit 460. The amplitude-adjustable tri- 
angle-wave generator 410 is adapted to perform an am- 
plitude operation according to the reference voltage and 
the feedback voltage from the output terminal 464 of the 
boosting circuit 460. 

[0044] when the difference of the feedback voltage and the ref- 
erence voltage is higher than the transient voltage, the 



boosting circuit is turned on. The amplitude-adjustable 
triangle-wave generator 410 outputs a first amplitude of 
the amplitude-adjustable triangle wave. 

[0045] when the difference between the feedback voltage and the 
reference voltage is lower than the transient voltage, the 
amplitude-adjustable triangle-wave generator 410 out- 
puts a progressive second amplitude of the amplitude- 
adjustable triangle wave. 

[0046] when the feedback voltage is higher than, or equal to, the 
reference voltage, the boosting circuit 460 is in a stable 
state. The amplitude-adjustable triangle-wave generator 
410 outputs a third amplitude of the amplitude-ad- 
justable triangle wave. 

[0047] FIG. 4B is a circuit diagram showing a preferred buck cir- 
cuit applying an amplitude-adjustable triangle-wave gen- 
erator of the present invention. Compared with FIG. 4A, 
the embodiment substitutes the buck circuit 470 for the 
boosting circuit 460. The structure and the operation of 
FIG. 4B are similar to those of FIG. 4A. 

[0048] FIG. 4C is a circuit diagram showing a push-pull circuit 

applying an amplitude-adjustable triangle-wave generator 
according to a preferred embodiment of the present in- 
vention. Compared with FIG. 4A, the push-pull circuit is 



not coupled to the power terminal. It generates induced 
current when the switch 450 is turned on. The operation 
of the pulse width modulator 400 of the embodiment is 
similar to that of FIG. 4A. 

[0049] FIG. 4D is a circuit diagram showing a full-bridge circuit 
applying an amplitude-adjustable triangle-wave generator 
according to a preferred embodiment of the present in- 
vention. FIG. 4E is a circuit diagram showing a half-bridge 
circuit applying an amplitude-adjustable triangle-wave 
generator according to a preferred embodiment of the 
present invention. 

[0050] Compared with FIG. 4C, the embodiment of FIG. 4D sub- 
stitutes the full-bridge circuit 474 for the push-pull cir- 
cuit 472 and has the operation similar to that of FIG. 4C. 

[0051] Compared with FIG. 4C, the embodiment of FIG. 4E sub- 
stitutes the half-bridge circuit 476 for the push-pull cir- 
cuit 472 and has the operation similar to that of FIG. 4C. 

[0052] | n the embodiments of the present invention, the loading 
circuit does not necessarily go through the original state, 
transient state and the stable state. It illustrates some 
possible situations, but not limited thereto. 

[0053] | n a preferred embodiment of the present invention, the 
error signal generator 120 can be, for example, an error 



integrator. 

[0054] | n a preferred embodiment of the present invention, the 
pulse signal generator 130 can be, for example, a com- 
parator. 

[0055] | n a preferred embodiment of the present invention, the 
transient state varies depending on the design of the 
loading circuit 150. 

[0056] in a preferred embodiment of the present invention, the 
reference voltage can be generated from a reference volt- 
age generator (not show) depending on the design of the 
circuit. 

[0057] in a preferred embodiment of the present invention, the 
loading system can be, for example, a front-end circuit or 
a fly-back circuit applying the amplitude-adjustable trian- 
gle-wave generator, but not limited thereto. 

[0058] Accordingly, the pulse width modulator and the loading 
system thereof have following advantages. 

[0059] (i) The pulse width modulator and the loading system 

thereof of the present invention use error integrator, in- 
stead of the error amplifier, for preventing noise. 

[0060] (2) The pulse width modulator and the loading system 
thereof of the present invention use the amplitude-ad- 
justable triangle-wave generator for improving the tran- 



sient response thereof. 
[0061] (3) The pulse width modulator and the loading system 
thereof of the present invention have a desired stability 
according to the timing factors for setting the transient 
response. 

[0062] (4) The pulse width modulator and the loading system 

thereof of the present invention can substantially prevent 
the response of the loading system over the target. 

[0063] (5) The pulse width modulator and the loading system 

thereof of the present invention can reduce the responsive 
time thereof. 

[0064] (6) The pulse width modulator and the loading system 
thereof of the present invention can be integrated in a 
chip. 

[0065] Although the present invention has been described in 
terms of exemplary embodiments, it is not limited 
thereto. Rather, the appended claims should be con- 
structed broadly to include other variants and embodi- 
ments of the invention, which may be made by those 
skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. 



